INTRODUCTION
P uberty represents a key period of development in young athletes where a significant alteration in hormonal status causes rapid physical growth, development of sexual characteristics, and attainment of reproductive capacity (57) . Young athletes are encouraged to participate in a diverse range of sports and physical activities during childhood, and maintain this practice during early adolescence, which is believed to help support their physical, social, cognitive, and emotional development (51) . Recently, there has been growing concern that many young female athletes are focusing on single-sport participation at a young age (13). Intensive training and suboptimal dietary intake during adolescence are likely to negate many of the benefits associated with sports participation, and instead cause several potentially serious health issues, including the female athlete triad, overuse injury, and burnout (10,21,62). The purpose of this article is to examine these potential risks and provide practical recommendations to reduce the likelihood of this scenario from developing, thus helping talented young female athletes achieve their full potential.
EARLY SPORT SPECIALIZATION
Contemporary models of long-term athlete development suggest that adolescents should avoid training routines that focus on intensive training in a single sport (for .8 mo/y), or a total weekly training volume which exceeds the athletes' age in years, until late adolescence (19, 49) . Although some degree of sport specialization is necessary during adolescence to reach elite status, the timing of single-sport specialization is more controversial. Governing bodies of most professional sports have talent identification and development systems that aim to identify and subsequently nurture the most gifted young athletes using only the sport (78, 80) . However, evidence across a range of sports shows that elite senior athletes tend to specialize at a later age and participate in a diverse range of sports during their childhood (19, 65) . As a result, the level of focussed physical training and competition that young athletes are exposed to early in their careers is often excessive. Conversely, young athletes who adopt an early-diversification, late-specialization approach to their development have fewer injuries, are at less risk of overtraining, and play sports longer than those who specialize in 1 sport before puberty (13, 20) .
THE FEMALE ATHLETE TRIAD
Early sport specialization has been identified as an independent risk factor for the female athlete triad (89, 96) . The female athlete triad describes 3 interrelated components of health: energy availability, menstrual cycle function, and bone mineral density (BMD) status, which each exist on a continuum from optimal health to disease. When intensive training regimens are combined with insufficient energy intake and recovery to support the exercise being undertaken, young female athletes are at risk of developing 1, 2, or all 3 components of the female athlete triad (96) . Female athletes who specialize in disciplines that demand high levels of leanness and endurance (such as gymnastics, dance, distance running, and figure skating) are particularly vulnerable (71, 96) . It is beyond the scope of this article to provide a detailed account of the prevalence, tools for diagnosis, and pathophysiology associated with each condition; therefore, the reader is referred to more comprehensive reports (41, 71, 96) . A summary of the main warning signs for various stages of each continuum and risk factors associated with the triad is shown in the Figure. Insufficient energy intake to support the demands of the athlete's lifestyle is the primary driver of the triad, as a negative energy balance disturbs the metabolic and hormonal regulation of menstrual function and compromises maintenance and development of bone (41) . Recent literature has suggested that the triad should be viewed more as a syndrome resulting from energy deficiency, which leads to a host of physiological complications including menstrual dysfunction, poor bone health, weak immunity, and mental health issues (67) .
Studies indicate that only 1-1.2% of high school female athletes suffer from all 3 components of the triad; however, the prevalence of 1 component has been reported to be between 16 and 54% in young athletes (40, 72) . Comparisons against occurrence of the triad in adult athletes is problematic because of differences in data collection techniques and definitions; however, it is believed that incidence is lower in adolescents compared with that in elite and collegiate-level athletes (72, 96) . Nevertheless, because adolescence is a critical period for accruing bone mass, there is a need to understand the long-term risks associated with triad disorders at a young age and provide guidance and recommendations to coaches and parents.
RISKS ASSOCIATED WITH INTENSIVE TRAINING

GROWTH AND PUBERTAL DEVELOPMENT
Growth and pubertal development are influenced by genetic and environmental factors, including physical activity and lifestyle stresses (88, 94) . Moderate amounts of exercise are believed to have a positive effect on skeletal development during growth (43); however, it has been speculated that intensive regimens of exercise during adolescence may affect growth rate and final stature (57, 61) .
In female gymnasts undertaking intense training (.15 h/wk), crosssectional data show skeletal maturation and pubertal development to occur later, compared with recreational gymnasts (24) and untrained controls (15,29,75,91). Similarly, figure skaters, divers, and ballet dancers tend to have shorter statures during childhood and early adolescence (58) , whereas female athletes in volleyball, diving, distance running, and basketball demonstrate growth rates similar to nonathletic children (58) . Excessive training may exert a causative influence on growth rate through a negative energy balance, which alters the concentrations of hormones (somatomedin C, growth hormone, estrogen) because of a delayed onset of puberty (28).
Nevertheless, the rate of growth and maturation of successful young female athletes engaged in intensive training from a young age falls largely within the range of normal variability (60) . The absence of a pubertal growth spurt in elite young female athletes is subsequently compensated for by accelerated growth in late adolescence or early adulthood (30,58). Moreover, there is also evidence showing that young athletes who are shorter in adolescence also have shorter parents (8).
It is therefore likely that these young females naturally exhibit the physical characteristics required to succeed in sports, as they demonstrate a similar pattern of growth and maturation to short and late-maturing nonathletes (60) . Indeed, cross-sectional data from elite female adolescent athletes indicate that body composition and anthropometric variables discriminate participation in certain sports (39, 46) . Distance runners, for example, are typically lighter and have lower-body fat than swimmers and other track and field athletes (39) . The physically underdeveloped appearance of many elite adolescent female distance runners suggests that they may excel because of their physically immature musculoskeletal structure. A narrower pelvic girdle, lower-body fat percentage, and lighter weight are all likely to provide a benefit to physiological qualities such as maximal oxygen uptake and running economy (2).
MENSTRUAL CYCLE
Physical exercise is beneficial for female reproductive function and can improve menstrual cyclicity, ovulation, and fertility (74) . Equally, menstrual function is highly sensitive to physiological stress; therefore, female athletes engaged in intensive physical training programs are susceptible to developing menstrual cycle dysfunctions. High amounts of stress cause a negative energy balance, first affecting the female reproductive system as it is nonvital for survival (41) . Energy deficiency results in a hypometabolic state causing a reduction in estrogen, which reduces pulsatility of the gonadotropin-releasing hormone (57) . The effect is manifested as amenorrhea (primary or secondary) or oligomenorrhea (41) .
Primary amenorrhea is the absence of menses at age 15 despite normal growth and signs of secondary sexual characteristics (41) . A lack of menarche 3 years after initial development of secondary sexual characteristics, or no sign of these characteristics by the age of 14, is also deemed abnormal (96) . Secondary amenorrhea is the absence of menses for more than 3 consecutive months or 6 months in females who have previously had regular menses. Oligomenorrhea is defined as menstrual cycles that occur .35 days apart (41) . A luteal phase ,11 days in length is known as a luteal phase deficiency but is generally symptom free, making diagnosis problematic (96) .
For active girls, the timing of menarche relative to peak height velocity is generally similar to that of nonathletic girls (27). However, there is a high prevalence of menstrual dysfunctions during adolescence, particularly in athletes involved in intensive sports training (40) . Primary amenorrhea affects 1-6% of adolescent athletes, typically in those who strive to maintain a high level of leanness for their sport (5, 72, 73) . Amenorrhea (primary and secondary) has also been reported in 24% of female high school athletes from 8 different sports (72) . Oligomenorrhea is also common (5-18% of adolescent athletes) but is difficult to diagnose in adolescents, as eumenorrhea (normal menses) is typically not established until early adulthood (41) .
Evidence suggests that a cause-effect relationship exists between energy availability and menstrual dysfunction, rather than exercise or body weight exerting an independent influence (54, 57) . Indeed, in monkeys, it has been shown that amenorrhea can be reversed by increasing energy intake without altering exercise training (97) . Typically adolescent athletes who present with amenorrhea possess significantly lower BMD compared with eumenorrheic young athletes and nonathletic controls (5). Athletes with menstrual cycle abnormalities are also 3 times more likely to sustain a musculoskeletal injury compared with eumenorrheic adolescents (6,77). A relationship between older menarcheal age and stress fractures has also been reported (10). Although the association between menstrual disturbances and injury is not causative, a low-energy state alters the profile of thyroid and stress hormones, which directly affects bone metabolism and the health of muscle and connective tissue (47, 52) . The impact of menstrual dysfunction on performance is less certain; however, performance impairment has been shown in swimmers displaying ovarian suppression (92) .
Use of the oral contraceptive (estrogen) pill (OCP) has been suggested for treatment of menstrual dysfunction in young women (41, 48) ; however, their use remains questionable in young athletic females (85) . The effects of the OCP on BMD have provided conflicting results (17,64,95). Although monthly menstrual cycles appear to return with the administration of the OCP, this provides a false sense of normality for athletes who fail to address low-energy availability (96) . The OCP provides an artificial hormonal environment that suppresses markers of bone formation and absorption and, thus, may actually be harmful to overall bone health (17,93).
The current evidence indicates that intensive physical training per se is unlikely to be a causative factor for menstrual irregularities in young females (53) . However, some young females might find themselves unintentionally in a chronic hypometabolic state because of the energy expenditure of exercise, combined with pressures to attain a lean physique for their sport.
BONE MINERAL ACCRUAL
Weight-bearing exercise has a positive impact on bone health in children and adolescents (26, 55) . Similarly, young athletes (age 12-16 years) involved in high-impact sports have been shown to possess higher BMD compared with participants from low-impact sports and nonathletes of the same age (1, 70) . Skeletal adaptation to stress is slow; thus, prepubertal and pubertal years represent a highly sensitive period for gains in bone mass (7). Environmental factors, which negatively impact on the acquisition of bone during this period, are likely to have harmful consequences. In late adolescence, approximately 90% of bone mass has been accrued (84) . Worryingly, adolescent female athletes who fail to maximize bone mass accrual during their development years are unlikely to compensate in later years, even with reduced levels of physical activity, improved energy availability, and resumption of regular menses (9,22). A permanently lower BMD compared with their genetic potential therefore increases the risk of osteoporosis and sustaining fractures from falls in later life (9). It is therefore essential that appropriate exercise interventions are adopted and eating habits are closely monitored during these crucial years to maximize bone development.
When volumes of repetitive loading or intensities of loading are excessive, the bone remodeling process cannot keep pace, eventually resulting in stress fractures (85) . Initially, microfracture to trabecular bone will occur (termed "stress reaction") and cause pain and discomfort at the site (Figure) . Continued exposure to repetitive stress will eventually weaken the cortex of the bone and cause a stress fracture (25). Stress fractures are most common in sports which demand repetitive forceful impacts, such as distance running (3). Early sport specialization, changes in running surface, and rapid increases of training frequency, duration, and intensity are all extrinsic factors associated with stress fractures in distance runners (36).
The negative effects of intensive training routines are compounded by inadequate energy availability caused by a poor diet, excessive caloric expenditure, or a combination of both (85) . In particular, a negative energy balance in females causes a hypoestrogenic state as the hypothalamic-pituitary axis is impaired (41) . This subsequently increases osteoclastic activity and thus attenuates bone development. Lowenergy availability also affects bone formation directly, through the suppression of triiodothyronine, somatomedin C, and insulin (85) .
Menstrual cycle abnormalities are therefore a major risk factor for low BMD in adolescent athletes. Amenorrheic athletes typically have a 10% lower BMD compared with eumenorrheic athletes and are at greater risk of developing stress fractures (85) . A low BMD has been associated with disordered eating in eumenorrheic runners (17); however, gymnasts have been shown to possess high BMD despite a high prevalence of menstrual dysfunction (82) . Therefore, physical activity and energy availability appear to exert independent effects on bone status.
OVERUSE INJURY
The causes of overuse injury are multifaceted; however, training volume, early specialization, and maturation status have all been identified as risk factors (68) . Talented young athletes who demonstrate superior physical performance are likely to be pushed into intensive single-sport training programs at a young age (68) . High volumes of training are generally associated with a higher risk of injury in adolescent athletes (23,56), which can cause depression and loss of training time (13,20). The likelihood of suffering an overuse injury is also higher for young athletes who have specialized in a single sport, as opposed to those who participate in a range of sports (35, 42) . It has been suggested that athletes should not participate in more hours of organized sport than their age in years (or more training than 16 h/wk), as greater levels of participation substantially increase injury risk (42) .
During adolescence, the connective tissues, muscles, and bones develop in a nonlinear manner and are not fully developed until late adolescence (58).
After the adolescent growth spurt (typically 11-12 years old in females), there is a lag in the development of the neuromuscular system, which effects strength and coordination in girls to a greater extent than boys (38) (37) . Participating in a variety of sports until late adolescence, which facilitates development of a range of motor skills and provides exposure to variety of loading patterns, is likely to reduce the risk of overuse type injuries associated with early sports specialization (69).
Injury is often cited as a reason for quitting sport during adolescent years (14) and is a leading cause of the high-dropout rates seen during late adolescence and early adulthood in those who previously competed at a high level (4). Fear of injury or reinjury can also affect engagement with physical activity long term (44, 86) , potentially leading to health issues in adulthood.
MENTAL HEALTH AND BURNOUT
A decision to specialize and compete year-round in only 1 sport brings with it an inevitable pressure to achieve predetermined goals and continually progress. This is often further compounded by the pressures placed on young athletes by coaches and parents (32). Chronic exposures to highly stressful and professionalized sporting environments at a young age are unlikely to be effective at nurturing talented performers into future elite athletes (33,65). It has been shown that intrinsic motivation factors, such as enjoyment of practice, are most important in retaining young athletes and achieving long-term ambitions (45, 87) .
Psychological challenges during an athlete's development provide a positive response to promote long-term attainment (18). However, excessive psychological overload resulting from unrealistic expectations on what a young female can physically achieve can be detrimental, causing depression, anxiety, and ultimately burnout (11). Adolescent girls in particular are prone to depression (90) ; therefore, creating a high-pressure training environment may exacerbate this risk.
Burnout refers to the negative psychosocial factors that influence underperformance in athletes but is closely linked to overtraining and risk of (re) injury (12). It has been suggested that burnout is a leading cause of early retirement from sport in those who have experienced intense training from a young age (68) . From a psychological perspective, studies have reported young athletes who suffered burnout, and retired from sport prematurely, perceived that they lacked control over their lives, had little input into decision making, and regularly had low levels of motivation to practice (14,31).
Young females competing in leanness and weight-class sports are at a high risk of developing patterns of disordered eating, which is also associated with psychological problems (41) . Moreover, adolescent females who display signs of eating disorders have an increased likelihood of displaying psychological problems, including low self-esteem, anxiety, and depression (71) . Athletes who suffer from an eating disorder are also 5% more likely to attempt suicide than those without an eating disorder (71) .
OVERTRAINING AND CARDIAC CONCERNS
Overtraining is caused by an accumulation of training and nontraining stress, which results in chronic underperformance, taking several weeks or months to recover from (63) . The prevalence of overtraining syndrome in young athletes is concerning. Several investigations have shown that approximately one-third of competitive female (13-18 years) athletes across a range of sports in various countries had suffered from overtraining or burnout at least once (34,62,76). In a study from the UK, the incidence of overtraining was also higher in female athletes aged 11-18 years compared with male athletes (62) .
Physiological responses to overreaching and overtraining in young female athletes are similar to those seen in adult athletes but are highly variable (98) . Overtraining is characterized by a plethora of signs and symptoms, which are derived from several different physiological systems including increased perception of effort during exercise, frequent upper respiratory tract infections (URI), sleep disruption, excessive muscular fatigue, and a loss of appetite. Many of these symptoms are also likely to affect other aspects of a young athlete's lifestyle, including their academic work and social life (81) .
There have also been concerns put forward that cardiac disturbances (arrhythmias) and changes in electrocardiogram traces can result from a state of overtraining (63) ; however, there is currently no evidence to support this notion in young female athletes. It has also been theorized that intensive athletic training in prepubertal children can lead to unique cardiac hypertrophy, which may predispose athletes to arrhythmias that can potentially be fatal (83) . However, it is likely that any structural adaptation to cardiac muscle at a young age is relatively trivial and unrelated to a pathological condition (83) , although further longitudinal research is required (11).
BREADTH OF EXPERIENCE AND SKILL
Early sport specialization, particularly in activities involving repetitive actions, limits the acquisition of a wide range of motor skills. This may seem beneficial in the short term for the child athlete aspiring to greatness in their chosen sport; however, it drastically limits opportunities to participate Intensive Training in Adolescent Female Athletes VOLUME 39 | NUMBER 5 | OCTOBER 2017 in other sports. Equally, a reduction in motor skills could adversely affect lifelong participation in physical activity, as the athlete feels limited to the sport they have always competed in (66) . It has been hypothesized that these lost opportunities for development of a diverse range of sports skills may in part contribute to the current high levels of physical inactivity and obesity in adulthood (66) .
From a psychosocial perspective, concern has also been raised that placing high training demands on a young athlete limits their opportunity to develop a normal, multifaceted identity (16). Young athletes who specialize in a single sport report that they become consumed by their training and feel a sense of isolation (16). When fitted around school timetables, intensive training programs severely restrict the time young athletes can dedicate to other activities. Therefore, young athletes develop a unidimensional identity and feel defined by their sport, which can lead to stress and anxiety if they fail to reach their goals (98) .
There is a growing body of evidence indicating that early sport specialization predisposes young athletes to overuse injury (68) . Diverse sports participation not only reduces the volume of repetitive technical skills but exposes the neuromuscular system to a range of different mechanical and physiological stresses, which is likely to improve capacity and robustness, thus lowering long-term injury risk (35). In addition, a well-rounded approach to athlete development should involve integrated neuromuscular training that aims to teach a wide range of fundamental motor patterns which underpin effective movement in sports skills (11,69).
RECOMMENDATIONS FOR MINIMIZING RISKS
Although some sports necessitate early sport specialization because of the timing of peak physical performance relative to maturity (59) , given the risks and associated health concerns of females following intensive training regimes at a young age, there is a need to readdress the approach to long-term physical preparation of athletes in specific sports. Although there is little evidence that growth and maturation is affected long term in athletes from these sports, there is a high prevalence of the female athlete triad, overuse injury, and overtraining.
The Table provides a list of the key recommendations for adolescent female athletes and their parents to avoid the risks associated with intensive training programs and optimize opportunities long term. Where possible, an interdisciplinary approach should be adopted to the management of a young female athlete's development, which includes active participation from the athlete themselves. A holistic approach is also believed to be most effective for preventing and treating the female athlete triad and overtraining syndrome (96, 98) . Coaches should provide education and guidance to young female athletes and their parents concerning: appropriate levels of physical training at each stage of maturation, self-management strategies, and adequate nutrition. In particular, coaches and parents should also be vigilant to recurrent URI, disrupted sleep patterns, changes in mood, weight loss, obsessive behaviors, and prolonged fatigue (98) .
To avoid sport specialization at an inappropriate time, each athlete should be considered individually, as the tempo and timing of biological maturation is unique to each athlete (11). Around age 13 years, children should have opportunity to specialize in their favorite sport or continue participating in a diverse range (19). Once athletes begin to specialize, regular periods (1 in every 3 months) where they revert back to a diverse range of activities should be included (13). Highly specialized training for only 1 sport should occur around late adolescence, after the age of 15 (19). A sporting environment that develops psychosocial attributes should also be created. Athletes should be taught to be respectful and cooperative while having the resilience and adaptability to self-regulate and cope in increasingly stressful situations as they mature (11).
Importantly, young female athletes engaged in intensive sports training should be screened regularly for components of the female athlete triad by a qualified professional (96) . Optimal energy intake is crucial for minimizing the risk of developing the female athlete triad. Young female athletes should therefore be provided with dietary intake guidance and advised that menstrual dysfunction is a sign of inadequate energy intake. Parents and practitioners providing support to young females should be vigilant to patterns of disordered eating to avoid menstrual cycle abnormities or osteoporosis. More importantly, young athletes who attempt to use specific dietary strategies to reduce their body fat should be monitored closely, as behavior of this nature has been linked to a psychological profile which indicates an eating disorder (79).
For prepubescent females, parents and coaches should seek to provide opportunities for free, fun, and unstructured play, which encompasses development of a diverse range of sports and motor skills (69) . Providing a variety of sports equipment in a safe supervised space and allowing children to invent their own versions of games, which are not bound by traditional rules, is one example of how this can be implemented. All young female athletes should include regular strength and conditioning activities into their training routine (50) . This should consist of a wide variety of physical training activities (e.g., resistance training, agility, sprinting, plyometrics, trunk, and postural exercises) that focus on the development of fundamental motor skills and components of fitness (49, 69) . Weight-bearing activities such as sprinting, jumping, and agility games are highly effective for bone mineral accrual so should be included in all exercise programs. The volume of sport participation a young female should undertake each week (in hours) should not exceed the athlete's age (in years) or 16 h/wk of intense exercise (69) . For athletes involved in repetitive-impact sports, in particular, effective management of training frequency, intensity, or duration is crucial to avoid stress fractures. Following sport specialization in late adolescence, it is recommended that athletes take 1-2 days off specific sport training per week (13).
CONCLUSION
Adolescence is a crucial period of growth and maturation but also an important period to develop healthy lifestyle habits, which includes participation in a diverse range of sports and eating well. Intensive training routines, which are often the hallmark of early sport-specialization programs, can cause a number of significant health concerns for young female athletes, particularly those who participate in sports which demand low levels of body weight. Coaches supporting young female athletes have an important role to play in preventing and detecting the female athlete triad, and managing long-term athlete development.
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General recommendations
Provide education and guidance to young female athletes and their parents
An interdisciplinary approach should be adopted to the management of a young female athlete's health, fitness, and well-being Young athletes should be given the opportunity to make their own decisions concerning their participation in sport A balanced lifestyle should be promoted, which includes a variety of social, academic, sports, and leisure activities
Sport-specialization recommendations
Athletes should be considered as individuals to account for differences in biological maturation
Children should avoid single-sport specialization before age 13
Highly specialized training should not occur before late adolescence (.15 y)
The sporting environment should aim to develop physical and psychosocial attributes in the athlete.
Avoidance of the female athlete triad
Regular screening for components of the triad should be performed by a qualified professional Optimal energy intake is the cornerstone of prevention methods Coaches/parents should be vigilant to patterns of disordered eating
The OCP should be avoided as a first line of treatment for menstrual dysfunction
Physical training recommendations
Provide regular opportunities for free, fun, and unstructured play 
